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Abstract. There has been a significant rise in attention and worry surrounding fresh produce. This is due to the response of 
consumers and marketers to widespread media coverage on the health impacts of microbial contaminants in food. Multiple 
studies have consistently found that high-quality and non-contaminated products have a higher demand compared to those that 
are contaminated with microbes. Given the growing demand for fresh food, it is necessary to examine the current research that 
focuses on the microbiological quality. So far, only a limited number of carefully conducted studies have been completed to 
develop viable therapies for managing microbial activity. Nevertheless, a slight elevation in the inclination of several therapies, 
including physical, chemical, biological, gaseous, and radiation methods, is noted. A proper treatment may elevate market value 
and consumer satisfaction. Prominent areas for future research can be identified and given special attention. 
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1. Introduction 


Different treatments are used to control microbial activity, such as physical, chemical, biological, gaseous, and radiation. 
Microbial quality is an indicator of the microbial safety of fresh produce. This quality is affected by the processing and handling of 
leafy vegetables such as lettuce, spinach, romaine lettuce, and green sesame leaves (Oliveira et al., 2010; Tango et al., 2014). 

There are many methods or techniques used to detect the pathogens, for example, polymerase chain reaction (PCR), 
culture colony technique, and immunology-based procedures. Velusamy et al. (2010) reported that biosensors and bio- receptors 
are used to detect the pathogen. Quantitative polymerase chain reaction (qPCR) has been used more recently. The culture 
colony technique is used for Campylobacter jejuni (Sanders et al., 2007), Yersinia enterocolitica (Weagant, 2008), and 
Salmonella, S. aureus, E. coli, and Coliforms (Delbeke et al., 2015) detection. 

There are many chemicals, physical, biological, and modified atmosphere packaging (MAP) treatments usually used to 
protect fruits, vegetables, and cereals, as described by researchers (Table 1). These are acidic electrolyzed water (Rahman et 
al., 2012; Rahman et al., 2016; Islam et al., 2018c), cold atmospheric conditions and hydrogen peroxide (Islam et al., 2017; Islam 
et al., 2018c), sodium hypochlorite and ozone water (Islam et al., 2018c), sonication (Forghani et al., 2013), chlorine dioxide gas 
(Islam et al., 2017), organic acids (Martin & Maris, 2012; Islam et al., 2018c), MAP (Islam et al., 2014; Mele et al., 2017; Islam et 
al., 2017), neem oil, and Trichoderma (Islam et al., 2018¢). Therefore, this review was conducted to get an overview of proper 
pre- and post-harvest antimicrobial treatment of fresh produce. 
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Table 1. Effects of different treatments on microbial quality of fresh produce 
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Sl__ Fresh produces Treatments Microbial performances References 
1 Carrot (1) inoculated control (o min), (2) ozone All treatments showed lower  P. Hassenberg et al., 
water washed (0.5, 1, 2, 5, 10 min) and (3) carotovorum than inoculated control. 2008 
water washed (0.5, 1, 2, 5, 10 min) Ozone water washed with 2 min showed 
the lowest P. carotovorum. 
2 Lettuce (1) low concentration electrolyzed water Sonication performed lower log reduction Forghani et al., 
(LcEW), (2) sonication, (3) LCEW + sonication, than other treatments. Moreover, 1 min 2013 
(4) LcEW - sonication, (5) sonication — LCEW showed the lowest log reduction. 
with 1, 3 and 5 min 
3 Cherry tomato (1) Control, (2) 150 ppm NaOCl 10 minutes, All treatments exhibited lower fungal Islam et al., 2017 
(3) 1 ppm ClO2 gas 6 hours, (4) 1 ppm ClO2 incidence than control. The 5 ppm ClOz gas 
gas 12 hours, (5) 1 ppm ClO2 gas 24 hours, 12 hours effectively suppressed the 
(6) 5 ppm ClO2 gas 6 hours and (7) 5 ppm Botrytis cineria. 
ClO2 gas 12 hours with MAP 
4 Blueberry chitosan (a):(1) Uncoated control (C), (2) chitosan (a): CH coatings (regardless of Alvarez et al., 2018 
chitosan (CH), (3) CH plus inulin (CH-IN), (4) fiber addition) greatly controlled 
CH plus oligo fructose (CH-OL), (5) CH plus mesophilic bacteria and yeasts/molds 
apple fiber (CH-AF), (6) CH plus orange fiber growth 
(CH-OF). 
sodium alginate-based coatings (b):Alginate | sodium alginate-based coatings (b): OL 
(AL), AL plus IN (AL-IN), AL plus OL (AL-OL), and OF added to CH had a positive effect 
AL plus AF (AL-AF), AL plus OF (AL-OF) on the nutritional and microbiological 
quality of treated fruits. 
5 Cherry tomato (1) water (distilled water as a control, pH All treated tomato fruits showed lower Islam et al., 2018c 


7.0); (2) acidic electrolyzed water (AcEW 32 
mg L"!, pH 2.6); (3) hydrogen 

peroxide (5 mg L! H202, pH 6.3); (4) ozone 
water (5 mg L" Os, pH 6.4); and (5) sodium 


bacteria, coliform, fungi and yeast spores 
compared with control. Fungal incidence 
and microbial activity were the lowest in 

O3-treated tomato fruits. 


hypochlorite (150 mg L! NaClO, pH 9.3). 


2. Different techniques and treatments 


2.1. Acidic electrolyzed oxidizing water 

Acidic electrolyzed oxidizing water (pH 2.06) and chlorine (37.50 + 2.5 ppm) for sanitizing for 3 min reduced the numbers of E. 
coli 0157:H7, L. monocytogenes, and S. typhimurium in fresh-cut onions (Park et al., 2008). Moreover, combined alkaline 
electrolyzed water and 1% citric acid at 50 °C reduced L. monocytogenes and E. coli 0157:H7 in carrots (Rahman et al., 2011). 
According to Islam et al. (2018c), adding 32 mg L" of acidic electrolyzed water to cherry tomatoes before harvesting cut down on the 
growth of fungus, bacteria, coliforms, and yeast. 


2.2. Chitosan 

Chitosan (CH), found in shrimp and crustacean shells, is a linear polysaccharide formed with B-(1—4)-linked D 
glucosamine (deacetylated unit) and N-acetyl-D glucosamine (acetylated unit). CH is an important coating material for fresh produce 
due to its antimicrobial activity and functional ingredients (Alvarez et al., 2018). They mentioned that chitosan coating (with and 
without fibers) inhibited mesophilic bacterial and yeast/mold growth, increased antioxidants, retained firmness, reduced decay, 
decreased off-odor development, and improved overall visual quality as well as the shelf life of blueberries. The CH coating 
maintained freshness by improving the internal and external quality of fruits, which is needed to extend their shelf life and satisfy 
consumers. Moreira et al. (2011) mentioned that CH coating reduced total mesophilic and psychrotrophic bacteria during storage in 
broccoli. They also mentioned that CH coating has a bactericidal effect on E. coli and inhibits the growth of total coliform during 
storage. In strawberries, CH coating reduced the decay and maintained the anthocyanin, antioxidant, ascorbic acid, enzyme activity, 
flavonoids, phenolic, oxygen radical absorbance capacity, and hydroxyl radicals (Wang & Gao, 2013). In addition, the CH coating 
extended the shelf life of strawberries by maintaining quality and controlling decay. 
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2.3. Chlorine (ClO2) gas 

Chlorine (ClO2) gas is an oxidizing agent with strong antimicrobial properties that is effective against a wide range of pHs 
and is a strong biocidal compound that eliminates bacteria, fungi, yeasts, and molds. Pao et al. (2007) reported that ClOz (20 
ppm for 1 min) is needed for a 5-log reduction in Salmonella enterica inoculated on tomatoes. Gdmez-Lopez et al. (2007) 
mentioned that for a 2-log reduction in the mesophilic counts of carrots, 1.3 ppm ClO2 gas for 30 s is needed. The ClOz2 gas (5 
ppm for 12 hours) is effective against Botrytis cinerea of cherry tomatoes (slam et al., 2017). 


2.4. Hydrogen peroxide (H202) 

Hydrogen peroxide (H20z) is effective against Staphylococcus aureus and Pseudomonas aeruginosa (Tote et al., 2010). 
Islam et al. (2018c) found that H2O2 (5 mg L-1, pH 6.3) effectively suppressed the bacteria, viruses, molds, and yeasts of cherry 
tomatoes in pre-harvest treatment. The effectiveness of H2O2 is shown by damaging bacterial cell membranes, DNA, and 
proteins (Martin & Maris, 2012). There is no residue in H2O2, but phytotoxicity happens in lettuce and berries (Olmez & 
Kretzschmar, 2009). They also mentioned that H2O2 increased browning in lettuce and mushrooms. 


2.5. Proper modified atmosphere packaging (MAP) 

The MAP prolongs the shelf life by maintaining the O2 and COz composition surrounding the products (Kurubas et al., 
2018). Proper MAP is conditioned to balance the atmosphere to maintain the quality of fruits and vegetables (Islam et al., 2014; 
Mele et al., 2017; Islam et al., 2017). Gomes et al. (2011) mentioned that the irradiation sensitivities of organisms (Salmonella 
spp. and Listeria spp.) increased with increased oxygen in packages. Oxygen permeability film 20,000 cc showed the highest 
quality for cherry tomatoes for long-term storage (Islam et al., 2014; Islam et al., 2017). 


2.6. Sodium hypochlorite (NaOCl) 

Sodium hypochlorite (NaOCl, 100 ppm for 10 min) reduced L. monocytogenes in cherry tomatoes, cucumbers, and carrots 
(Kwon et al., 2011). They also mentioned that NaOCl (100 ppm for 10 min) effectively reduced S. typhimurium but had no effect 
on cucumber or carrot. The pre-harvest application of NaOCl (150 ppm for 10 min) reduced bacterial and fungal contamination in 
a cherry tomato (Islam et al., 2018c). The byproducts of NaOCl, such as chloroform and haloacetic acid, have mutagenic and 
carcinogenic effects on human health (Hrudey, 2009). 


2.7. Organic acids 

A different type of organic acid (1% acetic acid, ascorbic acid, citric acid, and lactic acid) had antimicrobial activity against 
E. coli and L. monocytogenes of iceberg lettuce (Akbas & Olmez, 2007). The E. coli 0157: H7, S. typhimurium, and L. 
monocytogenes in apple, pear, and melon juices are inactivated by malic acid (Raybaudi-Massilia et al., 2009). Fresh-cut apples 
were washed with 20 ppm peroxyacetic acid for 1 minute to reduce E. coli 0157:H7 and L. innocua (Abadias et al., 2011). 


2.8. Gaseous ozone 

Najafi & Khodaparast (2009) reported that gaseous ozone (5 ppm for 60 min) reduced E. coli and Staphylococcus aureus 
on date fruits. Low concentration (1-5 ppm) for a short duration (1-5 min) is effective against bacteria, molds, and yeast (Olmez 
& Kretzschmar, 2009). Islam et al. (2018c) reported that ozone water (5 mg L-1, pH 6.4) as a pre-harvest treatment suppressed 
the maximum fungal incidence of bacteria, coliforms, fungus, and yeast in cherry tomatoes and during inactivation for the ozone 
attack on the cell wall components to oxidize the pathogens. Ozone water (20 °C for 10 days) effectively inactivated 
Pectobacterium carotovorum (soft rot) on the carrot (Hassenberg et al., 2008). In the near future, most of the industry will start 
using a chemical-free technique for microbial quality to produce safe fruits, vegetables, and cereals. 


2.9. Neem oil (Azadirachta indica) and Trichoderma 

Neem oil (Azadirachta indica) and Trichoderma are used to control the fungal incidence of different fruits and vegetables. 
For example, Aspergillus niger, Botrytis cinerea, Cladosporium sp., Fusarium sp., and Penicillium sp. were less common when 
there was more neem oil (Islam et al., 2018e). Neem oil attacked the fungal pathogen’s cell wall (Mahmoud et al., 2011) as it 
contained desactylimbin, quercetin, and sitosterol (Singh et al., 1980). Moreover, they also mentioned the in vitro antagonistic 
activity of Trichoderma sp. against fungal species. The highest sensitivity against the tested bacterial strains (Rahnella aquatilis, 
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Microbacterium oxydans, Pseudomonas panacis, Gordonia sputi, and Escherichia coli) was achieved by cefatazidime (30 yg), 
ciprofloxacin (5 yg), and octafloxacin (5 yg) (Islam et al., 2018e). The lytic enzymes in Trichoderma break down the 
phytopathogenic fungal cell wall (Harman et al., 2008). Trichoderma harzianum, Fusarium oxysporum, and A. pullulans have 
also produced volatile antifungal substances (Mari et al., 2012) that are used as a bio-fumigant (Spadaro & Droby, 2016). The 
percentage and zone of inhibition were highest against Aspergillus niger in Trichoderma treatment (Islam et al., 2018e). 


2.10. Hot water treatment 

During cold storage, apple fruit develops green mold (Penicillium expansum), grey mold (Botrytis cinerea), bitter rot 
(Colletotrichum spp.), and bull’s eye rot (Neofabraea spp.) (Grantina-levina, 2015). Hot water treatment (45 °C for 10 min) of apple 
fruit against Botrytis cinerea, Colletotrichum acutatum, and Neofabraea vagabunda is more effective than control (crude protein 
extracts from untreated apple fruits) or distilled water (Francesco et al., 2018). Hot water reduces decay and protects the pathogens 
of peach and citrus by increasing their defense mechanisms against pathogens (Ballester et al., 2010; Liu et al., 2012). 


2.11. Ultraviolet (UVc) irradiation 

Ultraviolet (UVc) irradiation is well-known to reduce microbial activity and is widely used for air disinfection as well as the 
control of microorganisms during the packing and storage of fruits, vegetables, and cereals (Begum et al., 2009). According to 
wavelength, within the UV light lies UVA (320-400 nm), UVB (280-320 nm), UVC (200-280 nm), and UVV (100-200 nm) 
(Guerrero-Beltran & Barbosa-Canovas, 2004). UVC (250-260 nm) is lethal to algae, bacteria, fungi, protozoa, yeast, and viruses 
and good for disinfecting water (Begum et al., 2009). The UVC (254 nm) light attacks microorganisms by the physical shifting of 
electrons and breaking of bonds in deoxyribonucleic acid (DNA), causing microorganisms to lose their activity (Lopez-Malo & 
Palou, 2005). Some researchers mentioned that they inactivate the microorganisms in different fruits, vegetables, and cereals. 
For instance, Botrytis cinerea (1.00 Jcm-2) and Monilinia fructigena (0.50 Jcm-?) are inactivated in strawberries and cherries 
(Marquenie et al., 2002). Based on dose and exposure time, the UV irradiation (254 nm, UVC) was more effective to inactivate 
Aspergillus flavus, Aspergillus niger, Penicillium corylophilum, and Eurotium rubrum (Begum et al., 2009). 


2.12. Plasma treatment 

Plasma treatment is used to inactivate microbial contamination at low temperatures, mainly in the surface areas of fruits, 
vegetables, and cereals. Electrical, thermal, optical (UV light), radioactive (gamma radiation), and X-ray electromagnetic radiation 
can generate energy that can ionize the gases (Schluter et al., 2013; Pankaj et al., 2018). This type of treatment is used as an 
alternative to chemical (chlorine treatment) or physical methods (high pressure, pulsed electric fields, and ionizing irradiation) 
(Schluter et al., 2013). They also mentioned that plasma is a gas containing free electrons, ions, and neutral particles and consists of 
two types: thermal and non-thermal plasma. The non-thermal or cold plasma treatment is used to inactivate the microorganisms in 
fruits, vegetables, and cereals. The non-thermal plasma effectively reduces the Salmonella stanley and E. coli 0157:H7 in apples 
and almonds (Deng et al., 2007; Niemira & Sites, 2008). 


3. Conclusion and future perspective 

Over the past 20 years, there has been an increasing public discussion on the quality and safety of fresh produce. The 
consumer's awareness of fresh produce contamination heightened as a result of the foodborne illness outbreak. Consumers desire 
to guarantee the health advantages, food safety, and utmost quality of fresh goods. Hence, people want a fresh product that is 
devoid of pests. The quality of fresh produce relies on appropriate handling and processing. Consequently, uncontaminated products 
are more favored than contaminated ones due to their superior quality. Furthermore, additional research is required to establish 
uniform standards for the safety of fresh produce. 
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